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In recent years considerable attention has been given to the effects of both natural and synthetic growth-regulating substances on the physiology of plants or detached plant parts. Several investigators have reported success in increasing the rate of maturation or ripening of a relatively large number of different fruits. However, up to the present time, no reports have appeared which claim satisfactory results in accelerating the post-harvest ripening of the fruit of the tomato, (Lycopersicon esculentum 'Mill.) with the use of growth regulators. It was the purpose of the present investigation to study the effect of several growth-regulating substances on the ripening rate, internal constituents, and carbon dioxide production of tomatoes harvested in the maturegreen stage of development. Mitchell and Marth (28) demonstrated that the ripening time of detached fruits of bananas, apples, and pears was reduced considerably as a result of treatment with 2,4-dichlorophenoxyacetic acid (2,4-D) but that the ripening process in tomatoes was not accelerated. Sprays of alpha-naphthaleneacetic acid applied to prevent preharvest drop were reported by Gerhardt and Allmendinger (15) to bring about an increased rate of maturation in Delicious apples and Bartlett pears. It was further demonstrated that the soluble-pectin content and the respiratory rate were much greater in sprayed than in control fruits. Batjer and Moon (2) also demonstrated a stimulation of maturation of four apple varieties with naphthaleneacetic acid. Treatment of harvested pears with 2,4-D when applied before onset of the climacteric, resulted in increased rates of ripening, respiration, and pro-duction of ethylene as shown by Hansen (17) . Increased rates of respiration for peaches following treatment with 2,4-D were reported by Southwick (36) , and by Smock and Gross (35) for apples treated with naphthaleneacetic acid. A delay of four to six weeks in the maturation of Montmorency cherries following monthly or semi-monthly applications of 2,4-D was reported by Zielinski and Garren (43) .
Changes in constituents of tomato fruits as they ripen have been stucdied by many investigators. Literature relating to pectic changes and the enzymatic processes involved has been summarized by Kertesz (22) . Pentzer and Heinze (31) have reviewed the general subject of post-harvest physiology of fruits, including the effects from the application of growth regulating substances.
Respiration of the tomato fruit has naturally received considerable attention. Gustafson (16) showed that there is an increase in carbon dioxide production accompanying the initial stages of coloring and that this is followed by a decrease as coloring continues. Singh and AMather (33) suggested that senescence is initiated by an accumulation of calrbon dioxide in the fruit tissues which is followed by t reduced resistance of the superficial tissues to gases. Brooks (5) showed that an increased carbon dioxide content of the internal atmosphere results when the stem scar is waxed and that the exchange of air during respiration in storage occurs almost entirely through the stem scar. This region of gaseous exchange was shown by Clendenning (8) to be located in a ring of lenticular tissue surrounding the receptacle.
Beadle (3) reported that a relationship exists between the position of a fruit on a truss and the intensity of the respiratory peak at the climacteric and that premature picking results in a reduction of the climacteric peak. Two types of respiratory patterns have been described by Walford (39) . One of these, the "conventional" pattern, is characterized by a climacteric rise in carbon dioxide evolution during the early color changes in ripening, followed by a fall in the rate of respiration. The other pattern, termed "anomalous," lacks the climacteric rise and shows instead a steady rate of respiration during the ripening period. The work of Clendenning (6, 7) Fruits showing any indication of ripening were discarded at the beginning of the experiment and the remaining green fruits were divided into lots carefully matched as to size and, as far as possible, degree of maturity. The number of lots used varied with the experiment and depended upon the number of compounds and different concentrations of these compounds used in any one experiment. In the various experiments the size of the lots ranged from 20 to 60 fruits.
Eleven different compounds were tested in preliminary experiments at concentrations of 50, 100, 500 and 1,000 ppm to determine their effect on the ripening rate of green tomato fruits. These were 2,4-dichlorophenoxyacetic acid (2,4-D); 2,4,6-trichlorophenoxyacetic acid (2,4,6-T); triethanolamine salt of 2,4,6-trichlorophenoxyacetic acid; para-chlorophenoxyacetic acid; ortho-chlorophenoxyacetic acid; alpha (ortho-ehlorophenoxy) propionic acid; alpha (para-tertiary-butylphenoxy) propionic acid; alpha naphthaleneacetic acid; 2-naphthoxyacetic acid; 3-indolepropionic acid; and ammonium thiocyanate. In addition, 2,4,6-T in concentration of 100, 500 and 1,000 ppm was used in combination with 1,000 ppm ammonium thiocyanate.
Aqueous solutions of these growth-regulating substances, with the exception of ammonium thiocyanate and the triethanolamine salt of 2,4,6-T, were prepared using Carbowax 4,000 as a carrier (27) . Two % Carbowax was normally sufficient with concentration of 500 ppm but, with concentrations of 1,000 ppm, 3 % Carbowax was required to prevent precipitation of the growth regulator. Ammonium thioeanate and the triethanolamine salt of 2,4,6-T were applied in water solution without Carbowax.
In preliminary experiments, solutions of growthregulators were sprayed on the fruits with an aerosol sprayer. These fruits were spread out on tables to dry and allowed to ripen under room conditions. In later experiments, tomatoes were treated by immersing them in the growth-regulator solutions for a period of three minutes; they were then permitted toi drain and dry before being placed under ripening conditions or in respiration chambers.
Lots were examined at 24-hour intervals and notes made as to general appearance, condition, and stage of ripeness. The fruits were considered "ripe" when they had attained a uniformly red color. Decay was not a major problem and seldom occurred until after the fruit had ripened. In the preliminary study, only 2,4,6-trichlorophenoxyacetic acid (2,4,6-T) and ammonium thiocyanate appeared to be effective in stimulating ripening of green tomatoes. All subsequent tests were confined to these compounds. MEASUREMENT OF RESPIRATION RATE: Studies of the effect of 2,4,6-T on the respiration rate of ripening tomato fruits were carried out in four experiments conducted during two successive summers. In each of these experiments daily records were kept on 12 individual fruits, 6 untreatedl and 6 treatedl. The treatment consistecI of dipping the tomatoes in an aqueous solution containing 500 ppm of 2,4,6-T in 2 % Carbowax. Locally-grown fruits were used in all respiration studies. Since fermentative metabolism is negligible in the ripening fruits, and the tissue pH sufficiently low to insure against changes in carbon dioxide retention, determination of rates of carbon dioxide evolution were considered satisfactory as a measure of respiratory activity for the ripening fruits.
The carbon dioxide evolved from these fruits was determined by a method described by Denny (11) . This is a simplified procedure (Denny's Method II) in which the fruits are placed in individual jars over 50 ml of 2 N NaOH. In this method, oxygen consumed in the process of respiration is replaced by diffusion from the outside air through a T-tube extending through the lid of the respiration jar. Twelve fruits, 6 treated with 500 ppm 2,4,6-T and 6 untreated, were used at one time, together with two jars without fruits. The latter served as controls on the CO2 absorbed from the atmosphere during the respiration period. The 14 jars were put on a rack and the entire apparatus placed in a constant temperature cabinet at 200 C. The amount of CO2 absorbed by the NaOH in each jar was determined daily by titration against 0.5 N HCl, for the preceding 24-hour period. The stage of ripeness of the fruits was recorded daily and CO2 determninations were continued to include the 2nd 24-hour period following the development of a full ripe color. After the CO2 determination on the 2nd day, the ripe fruits were transferred from the respiration jars to waxed paper containers and frozen at -200 C for subsequent determination of pectin-methylesterase activity.
MEASUREMENT OF PECTIN-AIETHYLESTERASE Ac-TIVITY: Frtits from two of the respiration experiments were tested for acti-ity of the pectin-methylesterase enzyme to determinie whether activity of the enzyme was affected by treatment with 2,4,6-T. The method of enzyme preparation and measurement was essentially that described and employed by Hills and MNlottern (20) .
The substrate, consisting of 0.5 % citrus pectin (Pectin, N.F. sold by California Fruit Growers Exchange), 0.05 -I sodium chloride, and 0.002 Ml sodium oxalate was pipetted into a beaker in a 250 C water bath over a magnetic stirrer. Normally 100 ml of the substrate was sufficient but for fruits with very active pectin-methylesterase 200 ml was used. The pH of the substrate was adjusted to approximatelv 7 .3 with 0.02 N NaOH and the solution stirred constantl. One milliliter of crude enzyme extract was added and the time noted when the needle of the meter passed pH 7.0. For a 15-minute period the reading was maintained at 7.0 ± 0.1 by dropwise addition of 0.02 N NaOH. Readings of the burette were recorded at intervals of one minute and the results expressed in milliequivalents of sodium hydroxide used dturing the 15-minute reaction period.
RESULTS
Of the 11 compotunds tested only two, 2,4,6-T and ammonium thiocyanate, proved to be effective in shortening the ripening time of green tomato fruits. One compound, alpha-naphthaleneacetic acid, seemed to extend the ripening period when applied at concentrations of 100, 500 or 1,000 ppm. No additional studies were made with this compound.
With either 2,4,6-T or ammonium thiocyanate, concentrations of 500 or 1,000 ppm gave maximum effects in accelerating the rate of ripening. In all experiments 2,4,6-T at a concentration of 500 ppm was superior to 1,000 ppm of ammonium thiocyanate. Combinations of these two compounds were no more effective in accelerating ripening than were the same concentrations used separately. The results presented in figures 1 and 2 are typical of the results obtained in 6 ripening experiments. In the various experiments the two substances were generally effective in reducing the ripening time of mature-green tomatoes by one to four days.
Results indicated that the compounds showed little or no effect as accelerators of ripening on fruits which colored soon after treatment, but were effective when ripening did not occur for at least 6 days following application of the accelerators. In one experiment an increase in ripening time did not appear until 13 days after treatment with 2,4,6-T or 14 days with ammonium thiocyanate. After this period, ripening was increased from one to four days over the control with the former compound and from one to two days with the latter. It thus appears that a relationship exists between the stage of maturity of a fruit at the time of treatment and the response to these accelerating compounds.
The effect of Carbowax 4000 may be seen in the results shown in figure 1. It will be noted here that the ripening of fruits treated with 2 % Carbowax only was delayed during the early part of the experimental period but that, in spite of this, toward the end of the ripening, period this lot was at essentially the same stage of ripeness as the untreated control. Similar results were found in other experiments. In several experiments, despite careful selection at the beginning, fruits were found in control lots which failed to ripen within the time limit of the experiment. These had the characteristics of immature tomatoes as described by Lutz (25) . Immature tomatoes also occurred in the treated lots but these fruits always ripened within the available time, indicating a stimulating effect by the growth-regulating substances.
An experiment was designed to determine whether there was a greater response to 2,4,6-T by immature fruits. In this case, lots composed of tomatoes in the immature-green stage of development were used along with mature-green fruits. Immature fruits were characterized by a whitish-green color, an uneven surface, and a greater firmness than the maturegreen tomatoes. The results indicated that the ripening rate of immature fruits was accelerated about two and one half days by 2,4,6-T, but apparently not to a greater extent than in the mature-green fruits.
There was little difference in appearance between fruits ripened after application of the accelerators and those ripened without treatment, except for a spotty appearance on the surface of some of the early-ripening fruits in lots treated with 2,4,6-T in Carbowax. Spotted areas were yellow to green in appearance and were confined to the surface layer. Tissue immediately beneath these spots was a normal red color. Hansen (17) has described a similar mottled appearance in pears treated with concentrations of 100 ppm and higher of 2,4-D.
Examination of the mottled tomatoes showed the spots to be associated with heavy deposits of Carbowax on the surface. Apparently the retardation of coloring in these areas was caused by the presence of rather high concentration of 2,4,6-T held in the heavy deposits of Carbowax since fruits treated with Carbowax alone showed even coloring of the fruit surface The mottled effect, however, was not seen on treateci fruits which ripened slowly but appeared almost entirely in those fruits which ripened within 7 to 10 days after treatment.
Results of analyses of the fruits from the various experiments for pH, soluble solids, and ascorbic acid indicated that in general, the composition of fruits ripened after treatment with 2,4,6-T or ammonium thiocvanate was not different from that of fruits ripened without the chemical treatment. Values from several of the experiments are presented in tables I and II.
The lack of effect upon the constituents of tomatoes as a result of treatment with 500 ppm 2,4,6-T was further demonstrated with the pectin-methylesterase system. Individual fruits, both treated and untreated, showed wide variations in enzyme activities when expressed as milliequivalents of bonds hydrolyzed. Values ranged within one study from 0.079 to 0.567 and from 0.346 to 0.518 in another. For 16 treated and 16 untreated fruits the average values from the three studies were 0.390 and 0.398 milliequivalents respectively. Plotting the daily carbon dioxide evolution from each fruit of the four experiments permitted an examination of the individual respiration patterns. The majority of the fruits followed the "conventional" respiration pattern as defined by Walford (39) . This pattern was found in all fruits of one experiment, in all but one fruit of two experiments, and in 9 fruits of the 4th experiment. The remaining fruits (see fruit number 3, figure 3 as an example) failed to show a climacteric rise during the color changes of ripening. These appeared to follow the type of respiration drift designated by Walford as "anomalous."
HARTMAN-CO2 EVOLUTION AND POST-HARVEST RIPENING
Walford has indicated that the "conventional" fruit is characteristic of the late spring and summer seasons while the "anomalous" type occurs in the autumn, winter, and early spring. He points out, however, that either type may actually be present in all seasons. Clendenning (6) A. Untreated controls. B. Treated with 500 ppm 2,4,6-T in 2 % Carbowax. Figure 5 presents the results of the respiration Experiment II in terms of the mean daily carbon dioxide output for the six fruits of each experimental lot. A definite rise in carbon dioxide evolution from the entire lot, as a result of treatment with 500 ppm 2,4,6-T, is indicated by these results. It must be recognized this increase in carbon dioxide output occurs in spite of the fact that the height of the individual climacteric peaks was not increased. This greater evolution of carbon dioxide apparently is the result of the earlier appearance of the climacteric rise in the fruit whose ripening was accelerated by the 2,4,6-T.
DISCUSSION
The two compounds which were shown to accelerate ripening of green tomatoes do not possess the properties customarily associated with active growthregulating compounds. The relative ineffectiveness of 2,4,6-T in inducing cell elongation and curvature, stimulating root formation, or bringing about toxic responses has been pointed out by several investigators (19, 23, 24, 30, 38, 40) . Mlore recently, however, Thimann (37) has shown that this compoundl shows auxin activity in the pea test. Ammonium thiocyanate, although not considered as an auxin, has been shown to be effective in forcing early sprouting of potatoes (9, 10) , in enhancing red color formation in apples (12, 13) , in activating 2,4-D (21) , and as a toxic agent useful in herbicidal treatments (32) . It is apparent, however, that in growth-modifying ability, both of these compounds differ greatly from 2,4-D.
Mitchell and Marth (28) 
HARTMAN-C02 EVOLUTION AND POST-HARVEST RIPENING
It appears from the results of this investigation that neither 2,4,6-T nor ammonium thiocyanate at concentration up to 1000 ppm cause any great changes in soluble solids, pH, ascorbic acid values, or in pectinmethylesterase activity. This is in agreement with the comments by Mlitchell and Mlarth (29) in a review of the subject. Hansen and Hartman (18) working with ethyrlene, and Hansen (17) with 2,4-D have shown that for pears the greatest acceleration of ripening was obtained with fruits in which the climaeteric rise in respiration had not been initiated. The present observations with tomatoes, where the greatest effects on the ripening rate of tomatoes occurred with fruits treated at least 6 days before ripening, appear to be in line with these results.
The results obtained from the four respiration experiments reported here are of interest since it is generally conceded that respiratory activitv is perhaps the best single index of the imetabolic state of a plant organ. It was demonstrated that while a greater amount of carbon dioxide was evolved during the ripening period by fruits treated with 2,4,6-T, the climacteric peaks of individual fruits were not increased above those of untreated fruits. The difference in total carbon dioxide production seemed to result mainly from the earlier appearance of the climacteric rise in the individual, treated fruits. These results are not in agreement with the statement made by Biale (4) in reviewing the effects of growth-regulating substances on the respiration of ripening fruits. Biale concluded, "whenever growth regulating substances affect ripening they give a higher peak value for carbon dioxide production than the control fruit. Ethylene treatment, on the other hand, results in most cases in a shift of the time axis but not in any increase of the climacteric peak value." From the results of the present investigation it would appear that the influence of 2,4,6-T on respiration was more characteristic of ethylene than of the typical growth-regulator. The various investigations on which Biale's comments were based were not carried out with individual fruits but, on lots consisting of a number of fruits. It is possible that the resultant respiration pattern of these lots obscured the patterns of the individual fruits.
It must be recognized that an increase in carbon (lioxide production is A study of the respiratory patterns of individual fruits treated with 500 ppm 2,4,6-T and of untreated fruits revealed that, while the climacteric rise in carbon dioxide evolution appeared earlier in the treated fruits, their climacteric peaks were not higher than those of untreated fruits. As a group, in each of four experiments, the treated fruits evolved more carbon dioxide than did controls during the ripening period. This was apparently a result of the earlier appearance of the climacteric rise in fruits accelerated by the 2,4,6-T.
The 
